Background and objectives: Sedative and analgesic treatment administered to critically ill patients need to be regularly assessed to ensure that previously stated goals are well achieved as the risk of complications of oversedation is minimized. We revised and prospectively tested the Ramsay Sedation scale (RSS) for interrater reliability and compared it with the SedationAgitation Scale (SAS) and the Richmond Agitation Sedation Scale (RASS) to test construct validity during midazolam-remifentanil sedation. Methods: A convenience sample of ICU patients was simultaneously and independently examined by pairs of trained evaluators by using the revised SAS, RSS, and RASS. Ninety-two ICU patients were examined a total of 276 times by evaluator pairs. Results: The mean patient age was 61.32 ± 18.68 years, 45,7% were female (n = 42), 54.3% male (n = 50). Their APACHE values varied between 3 and 39 with an average of 13.27 ± 7.86 and 75% of the cases were under mechanical ventilation. When classified by using RSS (2.70 ± 1.28), 10.9% were anxious or agitated (RSS1), 68.5% were calm (RSS 2---3), and 20.6% were sedated (RSS 4---6). When classified by using RASS (−0.64 ± 1.58), 20.7% were anxious or agitated (RASS+1 to +4), 63.0% were calm (RASS 0 to −2), and 16.3% were sedated (RASS −3 to −5). When classified by using SAS (2.63 ± 1.00), 12% were anxious or agitated (SAS 5---7), 57.6% were calm (SAS 4), and 30.4% were sedated (SAS 1---3). RSS was correlated with the SAS (r = −0.656, p < 0.001) and RASS was correlated with the SAS (r = 0.565, p < 0.001). RSS was highly correlated with the RASS (r = −0.664, p < 0.001). Conclusions: Ramsay is both reliable and valid (high correlation with the RASS and SAS scales) in assessing agitation and sedation in adult ICU patients. 
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Introduction
Analgesia and sedation are used in the Intensive Care Unit (ICU) for improving the comfort and safety of patients undergoing intensive care therapies. Nevertheless, continuous administration of sedatives prolongs the time on mechanical ventilation and ICU stay. These adverse effects can be reduced by clear definition of the goals of sedation combined with a sedation protocol. 1 Because of the multiplicity of patients admitted to ICU, it is difficult to define a standard procedure for ICU sedation. One may encounter a variety of pathologies of different grades of severity; in addition, the associated morbidity, the circulatory instability and the pharmacodynamic alterations in critically ill patients can make treatment guideline difficult to establish and implement. 2 Precise control of the depth of sedation is often not well managed; patients are frequently over-or-undersedated with an accompanying increase in morbidity, mortality and, economic cost. 3 Sedative and analgesic treatment administered to critically ill patients should be regularly assessed to ensure that predefinite goals are well achieved as the risk of complications of oversedation is minimized. 4 Interventions that facilitate a total dose reduction in analgesic and sedative medications, e.g. the use of nurse controlled protocol guided sedation, the combination of spontaneous awakening and breathing trials and the use of short acting medications are associated with improved outcomes such as decreased time of mechanical ventilation and ICU length of stay. 5 ---7 Recently, eight new bedside scoring systems to monitor sedation have been developed and tested primarily for reliability and validity. The choice of a sedation scale measuring level of consciousness could be made among the Ramsay Sedation Scale, the Richmond Agitation Sedation Scale (RASS) and the Adaptation to the Intensive Care Environment Scale-ATICE. 4 In fact, randomized controlled studies are needed to assess the potential superiority of one scale with respect to others' scales, including evaluation of reliability and compliance to the scale.
We revised and prospectively tested the Ramsay Sedation Scale (RSS) for interrater reliability and compared it with the Riker Sedation-Agitation Scale (SAS) and the Richmond Agitation Sedation Scale (RASS) to test construct validity during midazolam-remifentanil sedation.
All scales were applied to 92 patients by three different critical care team members (nurse, senior critical care physician and critical care resident). We tested each scale for interrater reliability and for validity, by correlations between them. 
Methods
Inclusion criteria
The patients at the age of 18 years or over, requiring mechanical ventilation and sedation.
Exlusion criteria
The patients under the age of 18 years; patients having neuromuscular disease; patients receiving neuromuscular blockers; patients with a known or suspected allergy or intolerance to midazolam, remifentanil; patients died during the study period; patients using toxic substances; alcoholic patients; patients suspected of being pregnant; patients who are moribund (i.e., classified as ASA grade V according to the American Society of Anesthesiologists).
Remifentanil and midazolam were used for analgesia and sedation of mechanically ventilated patients who were admitted to the ICU following major noncardiac surgery or who had to be ventilated due to respiratory failure. The remifentanil infusion was started with 0.15 g.kg −1 .min
and adapted in steps of 0.05 g.kg −1 .min −1 according to clinical needs. In case of sufficient pain relief but inadequate sedation, patients could receive bolus doses of midazolam ( 1 ---3 mg) or an infusion of midazolam (0.1 mg.kg −1 .h −1 ). After admission to the ICU, the depth of sedation was adjusted to a Ramsay score level of 4 (sleeping patient, immediately arousable) and then targeted at a level of 2 ---3 (patient awake, co-operative and tranquil or responding to command only). After the protocol was initiated, daily interruption of analgesia and sedation was performed. Once this daily interruption procedure was completed, the dosages of opioid analgesics and sedative were adjusted in accordance with the patients' needs, as described above.
Measurements and records
We tested each scale (SAS, RSS, and RASS) for interrater reliability and for validity, by correlations between them. All scales were applied to 92 patients by three different critical care team members (nurse, senior critical care physician and critical care resident).
A total of 276 scores were available from each scale. The patients' demographic data and medical history, and also details of their physical examination, were recorded before starting sedation and analgesia therapy. APACHE II score were recorded in order to assess the severity of the patients' condition. Unless specified, the scores of RSS, RASS and SAS (in order to assess the sedation quality) were recorded.
Statistical analysis
A total 92 patients were required. Sample size calculation was based on the study of Thuong et al. 4 The study was estimated at 95% confidence interval and p = 0.05.
All the variables are expressed as mean ± SD. Correlation coefficients were calculated using Spearman rank correlation analysis. A value of p < 0.05 was considered as statistically significant.
Results
The study was conducted between March 1st and April 30th 2015 with total 92 cases including 50 men (54.3% of the participats) and 42 women (45.7% of the particitants) at Ministry of Health Okmeydanı Research & Teaching Hospital in Istanbul, Turkey. The ages of participants ranged from 18 to 89 with an average age of 61.32 ± 18.68 years. Their APACHE values varied between 3 and 39 with an average of 13.27 ± 7.86.75% of the cases were applied mechanical ventilation (Table 1) .
When assessing Ramsay Sedation Score, Richmond Sedation Agitation Scale and Sedation-Agitation Scale results of the study participants, their distribution percent is seen (Tables 2 and 3 ; Figs. 1 ---3 ). A negative directional (decreased RSS value by increasing RASS value) 66.4% relationship between Richmond Sedation Agitation Scale and Ramsay Sedation Score of the cases joined to the study was found statistically significant (r = −0.664; p = 0.001; p < 0.01) ( Table 4 , Fig. 4) . A positive directional (increased SAS value by increasing RASS value) 56.5% relationship between Richmond Sedation Agitation Scale and Sedation-Agitation Scale results of the cases joined to the study was also statistically significant (r = 0.565; p = 0.001; p < 0.01). Lastly, A Fig. 5 ). The distribution of Richmond Sedation Agitation Scale Scores and Ramsay Sedation Scale Scores are shown in Table 5 . The distribution of Richmond Sedation Agitation Scale Scores and SedationAgitation Scale Scores are shown in Table 6 . The distribution of Ramsay Sedation Scale Scores and Sedation-Agitation Scale Scores are shown in Table 7 . 
Discussion
In assessing agitation and sedation in adult ICU patients, Ramsay is both reliable (high interrater agreement) and valid (high correlation with the RASS and SAS scales).
In order to provide optimal comfort and sedative drug therapy for patients in Intensive Care Unit (ICU), establishing a goal of therapy often defined by a desired level of consciousness, with titration of medications to achieve this target is important. An assessment of the consciousness level is best performed using a simple tool, such as a sedation scale that relies on observation of the patient to assign a level of conscious that ranges from alert to unarousable. 8 With its easy titratability and organ-independent metabolism, remifentanil is an ideal agent for analgosedation. In comparison with sedative-hypnotic regimens, remifentanil-based regimens were associated with shorter duration of mechanical ventilation, more rapid weaning from the ventilator and, shorter ICU length of stay. 9 For optimal sedoanalgesia, sedation and analgesia scales plays an important role with reference to mechanical ventilation and ICU discharge time. Botha et al. demostrated that the introduction of a sedation scale led to a reduction in the duration of mechanical ventilation. 6, 10 Breen et al. demonstrated a decrease in the duration of mechanical ventilation when using remifentanil-based analgesia and sedation. 11 Implementation of sedation scales has been related to improved outcomes, and frequent assessment of the level of consciousness using sedation scale is strongly recommended in clinical practice guidelines. 8 Recent studies have shown that, analgesics and sedatives medications can produce adverse patient outcomes. Interventions that facilitate a total dose reduction in analgesic and sedative medications, e.g., the use of nurse controlled protocol guided sedation, the combination of spontaneous awakening and breathing trials, and the use of short acting medications are related to improved outcomes such as decreased time of mechanical ventilation and ICU length of stay. 5 A main objective of every medical system is to provide a high-quality care in the Intensive Care Units (ICUs). In achieving this goal, nurses play a crucial role. One of the most important responsibilities of nurses is sedation and pain control of patients. 12 Using a validated observational sedation-scoring tool is a method to optimize patient sedation. Nevertheless, what the optimal instrument available is for use in this clinical context is not clear. Varndell et al. identified total 27 observational sedation-scoring instruments in their systematic literature review. The Richmond Agitation and Assessment Scale was identified as the most suitable to be trialled prospectively within an Australian Emergency Department. 13 Since nurses are constantly in contact with the ICU patients, their practice of a sedation protocol can result in better sedation and pain control in the patients, thus reducing the administered doses of sedatives and analgesics. 12 Riker et al. suggested that, SAS, one of the subjective scales used for assessment of agitation and sedation in ICU patients is correlated with Harris and Ramsay scales. 14 Khan et al. found that a high level of agreement between the RASS and SAS in identifying patients eligible for delirium assessment in the ICU. 15 In our study, RASS score of 3 or 4 was not seen in any patients in our therapy performed in accordance with our sedoanalgesia protocol. In order to measure the level of consciousness, a sedation scale could be chosen among the Ramsay sedation scale, the Richmond Agitation Sedation scale (RASS) and the Adaptation to The Intensive Care Environment scale-ATICE. 4 In our study, midazolam-induced sedation was assessed by validated RSS, RASS and, SAS. Riker et al. demonstrated good validity and reliability with SAS and a good correlation between the SAS and the RSS. Also in our study, a strong, negative correlation between RSS and RASS was observed (r = −0.664; p = 0.001; p < 0.01), besides, we found positive correlation between RASS and SAS (r = 0.565; p = 0.001; p < 0.01) and negative correlation between RSS and SAS (r = −0.656; p = 0.001; p < 0.01).
Mirski et al. 16 stated that 7 level scale (+3, ''dangerously agitated'' to -3, ''deeply sedated'', Nursing Instrument for the Communication of Sedation [NICS]) could be easily used by nurses and suggested that the Richmond Agitation-Sedation Scale demonstrated excellent correlation (rs = 0.98, p < 0.001). NICS is a valid and reliable sedation scale for use in a mixed population of intensive care unit patients. NICS ranked highest in nursing preference and ease of communication, thus allowing more effective and interactive management of sedation.
All scales demonstrated good interrater reliability and were comparable. RASS and SAS showed the best correlations and the best agreement results in all professional categories. All these characteristics make RASS and SAS good scales from the point of validity, reliability and applicability for bedside evaluation of sedation-agitation in critically ill patients. 17 Despite not being a common practice, sedation is recommended to be assessed routinely among critically ill patients since lack of routine assessment has potentially harmful consequences.
Although more than two-third of the responding ICUs reported the use of sedation-and-pain-scales, assessment frequency was low, and objective assessment of pain in the non-communicating patients was extremely rare. Similarly, the use of written procedure was low. The use of sedation-analgesia written procedure in an ICU seems strongly influenced by a more global involvement of the ICU in the protocolisation of complex care. 18 The positive effect of systematic evaluation of pain and agitation in ICUs has recently been demonstrated. Therefore, it is very important to routinely assess sedation in critically ill patients, and sedation-agitation scales are instruments that allow to achieve appropriate sedation.
It is important to emphasize that these scales are used to evaluate not only sedation levels but also agitation levels. Therefore, they are commonly applied to patients without intubation in almost all validation studies, and they serve as screening tools for evaluating delirium. 3 In our study, 75% of the patients were intubated. Both SAS and RASS led to similar rates of delirium assessment by using the CAM-ICU. 15 Among sedation scales, the Ramsay scale is the most used one in ICU practice. Being the oldest scale, it is also one the most used in clinical studies. It is a scale that is able to identify somnolence and agitation visually. 19 Some authors have suggested that Ramsay's sedation levels are not conclusive, however. In our study, the RSS and RASS scales had the best agreement among the observers. These data indicate that RASS and SAS are easy to apply at the bedside. These newer scales are also able to define agitation levels.
By using a written stepwise instruction with the Ramsay Scale, the inter-observer reliability of the level of sedation measurements, performed in daily clinical practice within a large team of IC nurses, proved to be almost perfect. 19 Also in our study, Ramsay Scale, SAS and RASS were found to be clinically applicable by the nurses in ICU.
Robinson et al. 20 described and analyzed the development and psychometric properties of subjective sedation scales developed for critically ill adult patients. 36 articles were reviewed and 11 sedation scales were researched for the study. The scale development process, psychometric properties, feasibility, and implementation of sedation scales were analyzed using a 0---20 scoring system. In the study, Richmond Agitation-Sedation Scale (19.5) and the Sedation-Agitation Scale (19) demonstrated scores indicating ''very good'' psychometric properties. Scores with ''moderate'' properties were the Vancouver Interaction and Calmness Scale (14.3), Adaptation to the Intensive Care Environment (13.7), Ramsay Sedation Scale (13.2), Minnesota Sedation Assessment Tool (13) , and the Nursing Instrument for the Communication of Sedation (12.8) . Scales with ''low'' properties included the Motor Activity Assessment Scale (11.5) and the Sedation Intensive Care Score (10.5). The New Sheffield Sedation Scale (8.5) and the Observer's Assessment of Alertness/Sedation Scale (3.7) demonstrated ''very low'' published properties. On the contrary, in spite of three months training programme and using a standard protocol in their study, Haddad et al. found differences in SAS scores which were aimed and then obtained after. Then they emphasized that more delicate approaches were required for titration of sedation. 21 Analgesics and sedatives are commonly prescribed in the ICU environment for patient comfort. Nevertheless, recent studies have shown that these medications can themselves lead to adverse patient outcomes. Interventions such as using nurse controlled protocol guided sedation and a specialized ICU team including physicians, nurses and pharmacists facilitate a total dose reduction in analgesic and sedative medications. Therefore, the clinical effect of medicines maximizes and the risk of treatment-induced adverse events minimizes.
In our study three different critical care team members (nurse, senior critical care physician and critical care resident) assessed three different sedation scales simultaneously and independently from each other. We tested each scale for interrater reliability and for validity, by correlations between them. 4 
Conclusion
A strong correlation between RSS and RASS was found in this study which confirms the value of these measurement criteria. These tools should therefore be utilized by the ICU team to ensure the patient is comfortable without being oversedated. For daily interruption of sedonanalgesia then adjusting it for patient's clinical need in ICU, avoiding oversedation and minimizing the risk of treatment-induced adverse events, sedation scales should be easy to use for ICU nurses and critical care physician and provide accuracy and safety.
As a result, randomized controlled studies are needed to assess the potential superiority of one scale with regard to other scales, including evaluation of the reliability and the compliance to the scale.
